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The plots arc h:::rH'slcc! as soon (1S the crop i~n1at:lr2
for purP(',,~'s of eSlim:ning yidd Jr11l1l2uiately after
har\'Cst, th(' fidd ..• 41re ;~l~-:J;n visited, using another
sample of plot" in order to measure h::u\esti;l~
iosses, thJt is, tll:: amount kft ill the fi.cld.

Thi: Sut:s(ical Rcponin; S:.:n'icc h:\u in operation
for the t065 crop :'C;:-,50n :.l progr:l111 of prehar\'Cst
s:lmpling for win(cr \\;\:'::1£. nuize. cotton. arid so}'-
b;;ans. as suml1Llri,c,J in T~:bk 1. :>1ca5~lrcment.;
fo. forcc3:;ring were: tak<.:n on I ;\by, 1 ]ur.e ~,nd
I July for wimer w11(,:1t and on I August, 1 Sep-
tcmbet ,1nd 1 October for lhe spring pb:ltcd crops,

, TI1.1 ize. co:tO:1. and -soybc;;:ns.
For tree crops there i~ a 111ajc'lr interest in forc-

casts sC\'cral \\'CC~~5 prior to hanes:. Prd:arwSl
sampling is not being dc'lnc as this :1pp,,:!rs 10 offer
little 8.d\·~1;"ita.t:•..~ Oy('~ \\"ait:i1~: f'or cstinlJ:C.~ bJ.scd on
gro\\'crs' r-::ports on amo:Jn(S harvestcd. esrccj~l]ly
when the t0131 crop is hancsted \\jthin ;t short period.
[i1-;icic'nt:l1Jy. ,he amollDt of so[:lc crops lert un-
picked as a f6U]t of sckc:i\c harvesting m,lY \'ary
eonsjc~erably florn year to YC:lr.

fn the dewlcrrn:.:nt of s(atistiud nlOocl5. three
time periods might b2 considc:r::d b,:c~1Use each pre-
sents a di:TerC:1! kind of prt)b!<.?m. Th': first is tl:e
s"(yt ""'~;o'; ;\", n':('" ',"" ll~f\·"""t wl- '.., 'L'" "robi'l"I1_i 1 . : .••.•.• '•• I _I " ~ t ~. a •.v t~. l",." • 1"".1 l ~.••..t· ...

I~ :in,itcd to ~d(',..~loping ~r~prol~ri::~~s..lmpiing and
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There arc SC\ .ra1 potential sources of inform~!tion
for purroses of ;'t';,'C~t!il~ cro;, yi-:lds. One is c'yc
estimates or ar:)rais~lls made either by farmers or
trained ObSef\Cr,- Such' obsen'ations may be t:l ken
at specificd timt's Juring [11,' :;ro\\ ing scaSO:1, Thcn.
after s~\·crJ.l y~.:~:lrs·d~lt~ h~\'c bC'~n ~1ccunHIL.lt('d.
appropri~ltt' 'l~lO,kb may be established \'.l1ich can
b~ used currently (or com.:rti;,; tr.c ~!pprajs..:!s into
yield forcc;\sts. h. the past. forccasb of ero;) yields
in the United S::ncs haw b2en b.lsed primarily on
appraisals m.::de by farmers. fo;'C('a:-ls b;.ls(,d on
historical : kId and wea th:.'r da t:1 arc anOl!lcr pos-
sibility. :-'ll1ch r.:sear.::h h:!~ bccn donc to :lne! a
reli:'lblc b3.;is for f0:c\.'a:,;ting: yield from current year
weather daD. BUl. in our cxpcr:erlc:.', results ha\e
been far from cncouLl;ing.

In the se~1rch f("If mo:e \!b~k'c:i\'c ::!l-(! n10re p~~('!~.C'
metlwJs. our efforts for' scvcr:,d years ha\c b,ccn
foclised on the po:,;~ihjl::i'2s of forec<lsting yields from
plant measurements, The results ha\c b(':.'11 promis-
ing and, as a n1~~jnCr of Clct~ Or~r.1tlng pr0f:r~l!Tls fo:"
making: forcca<t" :'i"Orl\ pb:lt mC;:Sl1i·e!ll\.'nlS L1VC b~'en
implemented f\.1r fou. leading crops, conan. I<l:tize.
wheat, and soyoC:,l!1s. ;mJ (t)r s;;\cral tr.::e crops,
walnuts. orangcs. rt"~'.ln,s. re~:\.'~!cs. :111(1 f;!bc:ns.

Beforc discu:-:.s>:~g YlC;J fO:\::;'::"l~t;n~ ~nd e5tirn~~i(1n
from pk:nt n1l"~.-\!Jr(,~-:""'n:. 2 b;:r~f jl1dic~1t~on of 110\\'

the s~lfnrlc of tl('IJs ~nJ rJc-~~ \t •.~~}:jnji..:!J~ ~lrc s~l(,Li.'"
cd will 0;2 given. E:1.\.'hJUl1o? a p:obabijity ar<::a samj1k
survey is conductc'd "hich pro"icies inforrmtit'n 0;1

acreagcs pbn(;;d to VJriOllS crorh Jnd on ]il,e~:od:
and o:L;;r itcm~. Tn this sun:y :111 r~dd~ in ~Jch
san1pring u!~it ar~ dclinr::Jtcd on acrj~ll phot(';r:-~lp~l)
and tlk' kind of CfP;"l Jnd C!\.':~':!~2 in c:''::' l!:~:~.!~l·er-

t3i!~C'J. For ~~l.:h('1';);) a ~ub"anirL: \J( ~;\.'k:) j.;.. ~:"":'n
scl ..'('u..d \'.i:~·l t);'ll~~_ h:l;;:;:~ ~1\~.P~);"~!O:~~1!to' ~h::·~':;?\.:.
\Vi!!1!f'! ;,.....:ch sa~~::~:.:~::!d:"l\~:::-,.:! ~...l,-.•: ~ ••;.~' > ...\:'::-

• ','(1 (:""",','1'1'1\' I); "" ,,' •.. "1,.:,, C"1' '" !;."", '/'" .,.•••• \ ••. 1"'1.~ •.. 1 .• l} ~ ".,. t··" 1,,1"""',,1 \.. \" I ••.,·;h.~\,' .. <1••.-..,••.•

plot:} ~irl' rnar~~J by "ni~dj ~l:~:~\,:" :..,) l!'IC' :<li11C plqt~
m;lY b;." \'~:;~t('~.fror:l ti;p,:- tc' ~i::,l'':~durin? thl..~..gro\\ ill:;

SC;\Sl'il tl' 0~)t;lln :):'~ l!,,':\ ;l,'~'c1,'ll k'r llJ;l"lI1;!. I,.re,;",".



C~{il11alioi1 :;:,'lH;;quco
; :1'; f()~cC:I\I:Jl';:is not ill\ol\'d,

\1:1nY;lfe .1l1liii:lr \','i,!J 11r,li:lf\.c"t S:IIl1J1lil1~~, :1 te'':11-

niqllc that 1:\S quitc gC'ilcr;tlly k;:n ctlkd c'rop ClIt-
tin~. ,\11 :i..:Jd~-~nd\' not nl~ltur~ at the ~~1:11t.? rinlC.

50 'the d;'I:':S for tl;is :-:lfln prdl;tf\'c':,t pcri"J c',~n
vary from G"ld to fielJ, ",hid1 r,'quire.; :llh;H~c','

knowk0gc about when cach sample lidel i:> like!y
to be har' ::>tc<l, ,This is known ffC\m the obsena-
ljons take' <krill!; the' grO\\';!lg ,,':IS011 and from
contacts \\ ;ih ~ik'1~1rl11.•'rs,

The secc:~d l!:11~ l,,'!'iod might be' c~!k'd bt,,:- sc:!son,
It begins ", ;,1: :h~ J.~tc '-"hen :l!l fruit I has bc('n set
or the tim: when, if any adJition:d fruit is set: the

'probJbilit;. of it c0n,rjbutin~! to the yidd is zero
for practic:,] puq'osc<" Henc('. for the second pc'rioa
as just de"lc ..l, th(' probkm can bl' stated ,,<, that
of predict;"g the sUfI'i\'al of the fruit and predict-
ing what the a\'Cr,lge sizc of fruit will be at the time
of harvcsi, I

The thil,; p-':l'iCIJ is the time aft.:r the plant has
. devcl0p:::'d f()1i:l~", but preceding the date when :111
fruit has b~'en 5e'L"

Preh:1!".est estimates

As alrcady indicat::d, the prl'blcm of p:eklrvcst
estimates 1:, c~<;('ntj~dly Gn\..~ of sanlp!in~ ~tnd cstinl~-
tion, not fo!"ec:btir.g, .-\ minimum e)1' 3bour thr.:e
years sholiid be; allo'.\'cd to lk'.clc)fl and imrlcn •.:nt
an operating progr:1m of yield cSlimatl's fN a CfO,p
from preharv;;st ()b.;;:n':ltio!1s. In lact. if thL' goal
is to havc a st:cTc;:;fl:l p,..'!l~u-'.cst sUfn'y on an 0[12r-

ati0nal b,tSis UlI:';Il~ the third ye:1r. a weIJ-p!J.nI1eJ.
intcmi\'l' cJTo, [ by C\rcr:::ncq; Ll1:!l!leI1l2,t:.:-a] S[:..t~;~li-

cians in this line of \\'C1r!.: is needed,
Typiea!!y. th.: frs! YL'ar's C:T0rt \Vould be limited

to a vcry :;null nU!llb.:r of fdJ<, to obta;';. pcd:;;.:
nary measure's of van:!biJjry' f,1r e~t:.lblishing size ai'
plots and l1[hl'r :lSpl'ctS of s:lmpk dL'sign, and to
develop op.:rati11g in\:rlletions for a. ~ilo, survcy th~
ne:\t Y':<lr. A!tc'rn,lti"c' tL'd1l1iQlI':S or llK:Jsuri;1g th,~
yield on small plots \\ollJd be tried. This \\"l'ulJ
includc eO:lside-ration (If \ariOl:s nll'ans of loc,,:ir;:;
5:lmrk p],~t5 ,-~!~,;c:ti,,<~!:::..t:h! :1sc'cruinin; the aJ\:1!l-

tagcs of ::t1le-,,~,,;i\ c il~,:rull1('r:ts (l~ ,·q:lirm.:nL Po-
tential SOLii·C ••'S l1f errl)[ or b:~lS \'.-ould bc icen:iil:d
and means \)f ('ont[\,1 "Yl':l::red. In :1ddition. for
dcvC'Jopjn~ rncan'S, \.)( <·,_,un~Lr.~~.~:;h:-::·:.:.~::;lf: !..::,~,c.:;..
s::rmpL: rL.1t..; >il,~\Ll:d ~;..: ~;~;,:Jd~~:•..l:' :lJr\~::<. ·r~:u;:
th,', :.-'1.11, .',',' ',',',,"l ".~' ...• ;",-., "&'1 -1...•\· .•. 1, .••.-, ~.- -'.' - ",", ,",.", ",", '\)ti,~:j'.---'.'l'... ~
I'll!~y C!s pl"'; h I c' :., r '; , l"~:l")ii~l:ff':. ·.llr.so~nd.
lL::. " ' ' •.. , ,

" :;,..,;..'-;.f~:~~" ,~..,.lr:'~~:11 fj ~
!" . ,l-,' , I" 1 I : 'i ,~.

\.•.J.li

,,~rh~S~(i'L\' : ~'..;r :'

• t,. ,j'!.~;"L·r "fru:t" j, ~;.\'\:1:1 ~l ~,IIt.;,':I••:~.1...t.:lh~ ;-tlld 1I~.•...!u\.k'\~:!.:r.;.. \" ~ ... ):l.l:~l~\.·r.~~~.'.~.:~~:~'i':~?;"\.:i--~,. :.: ..ll:~;·•.·1.r:.~~:,..-...'I1~I.l,I.(l)i
••.-l..hi([, •.tilll,,'. 1.•1 ~.•l If\llt..i:''~' ,,,,h ". L"- .;1•.)\.1;'.•., nIl. ,1.:f\ .•.•.\.

jr.le~si\'e :l11U c,\ to.' n,;i\.: i'iJot O;'('r:ltion ~J'; in::>. :l~JJ'l p I:: ,.,
lh:d rl1i~~ht b~ c)lle iii',!, or Clllc' fOllirh ril~ ,i/.: an:i ..'-
ipak'd f'lr " fldly op~r;llil)n;ll prn,;r:illl, Fr,'m lh ..
second y('ar'~ e'\!,cTiL'ncc milch b'~:kr inf.:\rm<ltioll
should b;:ccll11c ::\':1ilabk on \ariancc compOilc/1h

and ,;mc rcquirell1t'nls fnr '.:lriNI~ p:lrh l)f thc~ Jnb
SL1 lh~ sample dcsi:;n t'an bc optimizL'll. Qu:dily
checks on the ficlJ wl1rk ::-Ilou!d provid,' a b:bi, for
inl!)r'Jvement of li,.:ld procedurl's which must be
riguruu,> and tightly controlled.

b::"crie!1cc has indicated that pre-han'e..,t yi.:ld
cstinu!cs (adjusted for h:lrvcsting ]c)ssc';) may b~
on a dil1~:rei1t k\'t.'! than estimates derived from
reports from f::trn~c'rs. Which is correct. if either?
Since potcntiai bi;:sc, arc iniler..-nl in ihl..' prm:c·duIO.
it is important that pro\i,il1n be mad~ for ,Eecn~lin-
ing the validity of the prl.'ha'rn:'st sampling nnd esri-
mnting teLllll:qLl:.'S, TilL' prob:Jbility of sckction of
each plot is \cry small. so an unu.;u:d amount of
attl'ntion 11111", be gin'a to avoicancc of nonrandom
l....1~VlJ. F'icld \vork •..~rs =1j:~Ynot b:.: ~"olnrd~t('ly obj:~: ...
tive in the prClc~ss of h~~~1~in,; s~1~:pL: r10:s. Or ..
if plots ~~re sub':lmplcd for ("~rtail1 ;:harac:cristil''',
tht'~C' TIl:!Y be- 'Jr'pof!L!nity fOf b!2~ in !h,: !cchniqu~s
...•.f· ...•.t" ..•,~.•".••~,;.-'o ...•. '\ 1." .••• : •.• ct.· .....•.,' ...•.~ •....•.••....• ,..•'",.. ..•1·1- .••.-.'-.··,
v • .)•.., •..,.)--< ••• !,•.~I.::-.• ~ •..' ""', 'I~·,'~"""''''- "".',,' .•.....•.••.'-'_:

tte definition of :11(' ffuit to bL' h"rwsted is re-
p!~lc,:d by a \\"orkL'r's own person;}1 dcfin:tion or
inierpretation,
-TEcrc--<irc·~·:ii;i6us ways·"of f'citirig':1variC1 i!1GcficI1-

d~'nt chec!.:. (kp·cnding upon the ,'rop. Tlke maize
3S an e\311111!e. Farmt:fS gencrally' do not hal".'
w('jg~ll mcasure-menls of the amount h:1f\'bted :J'nd
oftcn han: \)nly :lprrox.im:!te 111C~bur,oS on ::1 Hllum.-

,{}",,,~),-Tl}ebui-!l.u- good indq.::ndcilt ch:::cL sp,.:.::i~d
arrangcment" mi;ht be nuti: with a s<11al1 number
of s\..~I~ct('J fafln:t"') ~~t.Ji·~""'Ljn~ the t0r~li \,...~j:!h: ..1nJ

hilf\'es~ed froIll p:.:rti.:obr fields. San'pic ;1!Ob in
thes,' fields "hou;d b: selected and hancst~~i l!sin~~
proccdurL'<' lJc'ntiC:l! to t!lc)SC lIs,>d in the SUf\l.'Y,

Tk' numb::r or pl,),s \\'o~dd need to b,:: Iarg,' l'nou;h
to gi\'c cstimalL's ha\ i!Tf' low s'lnl[11ing error so lh:lt
:Jf1:' 3Pf'r(_~('!:!bk' b;~l~ i_'":l!1 br_~ J:..·~>?:":'!r_·d. :\d5u-':::11(:nt~
may 11:::. nCL'cs~;lry fcor suc!J fi!ctors as dirl",>renc:.'s in
r'nO:;;'[\II''''' ''-''·"101~.-·'''~·'1\--'~'' ,"!t t'l" ti·'",·:" nf '11'" !')"'''']1·f''''·~''...;t'" . n ••• t'" •...•.. 1 ~ •• =- .... Jo ••••..•••••• ~ ~ ~. I... t t •..•.. ; ~ •••. '

sarnf'ling and the timc'of -11;10 e 5.,1.:, ".'\Iso, Whc;1

comparing yield cstim~ltes and actmlyicld frorn th.:.
":1.j_.? 1.,2[\('.;,:::,1 fi"eid. one should be on t!~,:: akn
fo~ !ncon5i..:,tcnc!~~ in (O!lc ...·rt-.; 0;'" :t I':re:J g\? Ont..~ of'
tht.'" prob!cnls :ljj~c" froTr: thr: r(\~,~iblC' ·ch;T~fC:1(,"\.~
bctwI.'en the ~ict~:,,! land area 0r tilL" ii,:!d from whil'h
-';;1)11;'1(' p!r.t, ~l;~ ~:.?::C:L·l~ :lll\1 \\.~'::~l!~l ;~~1:-r1\.~··r(:p~J:'t;
~~"):j::~~dCI·C,:I~_~\." 1;1 ~1 ii,"·il!·

j Jf rl~~I';"''l-\,-'~(,r >~~;:r:;1::n~::. j' i~ :",\;-l;~'ij ]I,~,'fur 7\.r
. ' ..

tr~·. ~ ~j;"'!u ·dS t;"I'...' p~"\'\\..~~'!~'~ (\t :..I\..tiJf~ :-.l~~n ~I.:. :·J ..<\l
~.,.:;-,l'!:~at anl: "';11.::1~:.1:..~r("\( r'\l..t~·~::'·;;':r'~ ~~·..~r;..\'. ~-q'. i:l l:',,~

••.\.l~\.? ~.d"cot~4..~n. f,,); t..::\~lin·t".k\ :i~ 111(: p;-\."\.~Ul..·~oC v,'~'::;:hl
;';:;' boll. the: numb:r 0:' bi1ih p..:r [',!.Iil[, ,!"': t'h~
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It is known that II:c probability of survi\'al is
rd:lted to m;lturity of the fruit. which su;;ge'>ts 111::-
followin,:; simrL' model. assuming no weighting be-
C'.lllse of vari:ltion in sampling, rah's is involwd:

d\, ....." llt~i .IL":'.:r lh~ ~'\!-Q;.l.::"l!~ty (t1~ ~u:\ ~\.lL
t\!~t\".·~· ,,;,,'\cr:l: #' Yt'~!r, n'" C\r,.:~i"::-H~:: v;irh C«-:I.\;~~

~\)QJ in ;·".lril'I~~·.l·;ll1 b;. 11-1~:~:irllY \':~H(:~:"\i(,=, t)·...',:;'i :11t..~

dc\\.'k')lllll'llt of a pr('rr:1in for rich,HI"::,l '::l1lp1int:.
:1I1Y lillie: s,·1;\.',luk fur d,:",'I.'pil1~ ;!I,d pcrfc'l.':j:~:,!
rO'l.'clqiJl~~ I'f('c','dltr~, is ,Illud] lilOIl' klilWU~: A
major re::son f,)r thi, j, th.: n\.Tcs~ity of l1on'in;
"o"::,\\":C11 )'\.';1[" ..::\r,'n\.'!l\.·~·" for th..: f\.)rmulatillil :::,J
ll.'s:in; ,,; 111OJ2h. In Llct. on..:: may ,'()lllillllC to
use more tl1an 0.1(' llwlr..:1 for a paninli:lr lT0[' after
.1 rNc'ca"jn~ pf,1;:ram b~',onh's (1!'cr:ltil1n:d in o,J,'r
to gi\e ,hc most prl)ll1ising alterna!i\l's a lon;cr
time test.

PREDICTlO~ or ~U~W[R Of FRL"IT

number of fruit rcr plot in the ith
mawrity c:ltc-gory,

probability th.:lt a fruit in the irh
m.:lturity e~ltc;ory will SUl\'j\.: and
contribut~ to tb,: fruitagc,
estirnat·.:d numb,'r of fruit that will
b.: on the plants pcr plot at the
time of harvest.

The prooJt.;li?y. Pi' is II '.flltlct:on of timt:', tl13t is.
the prob.::bility of sur'.i\ul for a ,small ("Jlton boll
OIl 15 AU~'lht, for l'xllll1;>k. is not the sa mc as 1h::-
p10b:..;.b;~i~y f()f a srn~dI bo!l on 15 S2i""'I21T18~'T. [;lCI
d~ntdly. our g~ncral expcril'ncr ~ug~;:"5l5~ at l('a~t
for some cr0p;;., that an inde:\ of the Cr0;)'~ sug;:
of d':\c'!l)rr.h:nt may rro\ide a n;:ltcr time r..::~CrCllC<:
th:!l1 ~ l:.1~:~';1.J:!r cL:!e. \lore \\'ill be said on ,hat
point ;t link bIer.

Tile probkm l)f ddining maturity C1:,l~;~e'. diPcrs
\vic~]y :!:1"~O:j; th~' \·~1ri'-.lu~ cfeps. Cl)t!0n. f\.)f cx:nn-
rlc. has cle:Hly dl'Iil:'lfcltcd SLa:,'c's. A trained 00-
s~r\"~r (~:H1,accl.~r.:.d,,:·ly CL1~~if;. th\.? frtlit. On the other
Innd. tll,' J;:-:ll::rc:nill:l l'f 'nutu,ity' C:ltcgl·[i('~ f()f

cars or In:l!Z,-' i~ n~orc r;2nUOL1~. l:\1li5cqUC'!1tly. a-
ni~1jor.. ::.Lilk·d ::i1',-~:~t i~. ;::,~~'..!Lr~'clto e..;,[~lL'!:...h ~~~l-n-
darus, tr..!inin~~.~~nd~Uf1('r\i'cr~ ~:-\."·~('dur"?~ fl)f :~I..'h:c\'-
ing unifarmi:y of cb,sit'l;;':Hi0l1 am(,lng fic·;j 0bscf\.::rs'
and bct'.':c'cn Y<:':lr",

To qb::!in ~:(Lql1:l[c' inform:lti("lrl on Ih..:: rror.2bil-
iti.:s of suni\'at. ob~cf\:,:ti('l;lS 112eJ to be ~;}]..;:n J.t

SO~IE ADVA~T ..\G~S Of PRUL\RVEST S,\,\tPLI:\G

avaiI~1b!c (';?r!i,.::" t~i:1n cst!r:i ..1t~:) frorn ;;,-l~th~lr\cost
farmers' rCr(\~~~. Prior to h~~r\c~t. a L~rnl(,i C~ln
report only his :l;'pr~ljs~tl of the cro? prospcccs. On
the other hJnd, •...,:inu:\:<, b.\scd on pr\.'h:~f\l'st S~!l11-

plin:; must be L)..b.:d on a\'Cf:\:;''-' han esting I,)~scs \.II'

delayed llnlil -:.~:C"!1rinie ~1~~h~~r\.•..:s:ing lo~·,'cs C~Ul b~

11111llbc'r(If phl1t, I'c'r :\('1'\.', S()fllC LI('tor~ afC sin11'k
and'ilh'\]1Cli'i\ In Ilh::I,UI\.'. 111l!!:: o:i,,'r:, m:'y h:
time CI.lllSurnili ,)f Jiliicldl In nh'::'t1r\.' ;l'·'·~lrdt\.'!y,

A good ('\;lmr:.: is the l'()tlr;[ili~~ uf cotttln pl:1nb
in COlltr~ht, to ;':(kill~~ cotWil M ()lln[in,~' thc' i'rllit

on a cotton ~,l:~I1!. :\~l OpllInUm s:!l1iplii1~~pbn
con~idl'fing tim.' and \':lri;I:lCC C(1!ll!'0l1c'nts 11l:1Y \.':111
for cOllnting c ,11 i,I:!iH' in :1 [I'.i),n)\', i11(1[ :U 1','c't

long, whl'r\.'as .»;\."I'\a:i\.'!l~ SlKh :1' d,,:t:likd fruit
counts mi:;htb,' limikJ to only a fCI\' p!:tnts in a
plot.

!\Jattcrs of :::.;::plj!~~ (h.":-:~~!1 could bl: di~<·~~""~f...~d at
,. 'r .•••. _

length; bei!:!:!: "2s~C'd. ho',':c\('r. is th',: ill1;'ortar.ce
of a b:llanccd "i'"ft ='i\ing ;ifnj'ous. ti;h:ly control-
led rroc('dure~ [ef':J.j'Jing all impNt:l1lt sour.:es of
error. Expcri\.' c'l' bs inJi\.\:tcd th:;'t 1i,dcrcnt bi:bcs
can be elimina _J or cl1nt:'\.11kd l'r.','cti'.cly by inll'n-
sive training I" !h~ fidd s~:1tT. \.']')~l' 'oUpCrI isic'n.
quality chccks, ~,ih! ]'!'(H iJing. .::k-:IL cOllcisc. \\'c']]-

defmed field r c,,'cdurl.'s: but J,tute ObSI.'!'\.ltion is
essential f\.1r the ickntific:ilion and control of factor:>
af1~ctin6 the qu,-tJi~y 0f i'~3t.ilis.

I~atc season forc'cJsts

forccaqing th\.' yidJ of J. eror :..It peric.'(h inter-
vals duri;]; ;l ;::.)'. •..:~; S;:;::SO:1 ;;; oen iously m~ch mort."
difE('uli th.!n t~"Ui:;...!t:n~~ : i~~!d ~1l :il1'lC ,":~ h:~r\c~:.

·.!ti:-> ;ll.>",';~"·,;;::r~, ':-t'l:;'·'.>,:\i..': i-":::l~'j \,'>,'tt:<-:~, ::--'i:~'" "\!" •.:!:
(n~tY b~' t:...,~~(~~tl r"lr\.·l.ji~'. L·\t:·i'~'~",~':."IH~ (ir ~.-jL';I.:. F\ir,:-
cast f4Jri:Hd:l:, : ~U"'" ~~.::V ~'~1"':~': l!;"":·,'l:l ob,;,::;-\ .. ~~p":P~.ll~t
ch:lr':'l·~·t('ri_,ti·..:" '·~~·L....I..t (pn;;i •....:.;;~·li..;:\I...· ;Li~d','~!.:l..:~~~'(,r
lilt.' fruj!!n~· t ...;L.l\ lor' f/.( [;1...: \:rIJp~ f"n.: ·h.}r;]'! •.J,,,~,,
Inu~t tLii1~LJt:..? ;,Llnt ch.!r:!·w'tcri"tiC· .... ()b~.~r\('"d r\r~ ~~n\'
dat.: into a-:.•:;, ~:,!l' l,lf;:,;h", In ·\.·O'lt':,ht ti) ti~c

detcrmincd frll:'l ,:;k.lning nmp1l' plo:s after h:lr\c'sl.
'.,_";' Tn 3dditil.)11 t,1 thl' adv~\nt:lg~' of objc,ti\ it}'. prc-

harvl'st samp!i:;g rro\id,'s a ml'ans of gcttin~~ IlllH:i ..
valu:lbk i:;fornu!i0!1 th:tt C.l111wt othl'rwi'l' C)(' "a,ily
obtained, By iilCJl!' of IJ.D,1ra!l'[y :.lnlllysi~ of 5;:111-

pIes takt:'Tl 1'1'0',1 t12!d~. ill!',1nn:;ti\.111 on \';lriC)ll" ;~!,

tributes of Cf\..~~ ''':111~dilYcan be nl~1l!c ~1\•.::!~·~bl~. C~·\.~;)
quality, C0111['(I;,c';][S of ;.idd. and h:!r\ cs:inp: l\.).;scs,
can be rdated t,),\'lll"icti"s. cu;tUi'~l! pr.l(licl's. \\":~l[hcr.
and oth;:r f.h.'l0:S, :\bo. if Jct:'[;:\.'(:c.., '.', i.'nhw!lik.
inform<lti(1n on :-.'1111l' tyre's (ll itl, •.••:: ciam::gc'. such
as the numb,,~ at' e:l!"S of J:uil.e cbn~J::\.'d by mai7~
earworms, ca:: b<: reaJily oouincJ.
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F,,'f l~:C jl)~'t",'l,::·';;~~l'.~{'I ~;rup ~..J_•...

rl:,2,,>~i~·(·:.~,.'iH:";'.• L.' ~L!~i·f::~.:; R,.'j"',,"(!

wher.:- W

P --- c\: i :lla: •..~d i~:(';P(;!-'l j 0 ;'1 , r CLl rrcn t dry
\\'(:~;l~,~~0 -!-;~~;'\,-:::;~\'. ~ .:;1t at 15 p,~r-
c,('nt nlni"':!1'2. I: i:. .1 fl!I1Ci!On of
th;.: rat!() c):~ 1..:L1:-i(;-J: ,i1'Y \\·(·i~ht to

A HR,-\GL \\T!GHT OR Sill or 1 Rt'Jr

As in fl'lrCC:lsti::.'! lh.: 1111:;1b;;r (If r~lI:t <it time of
h:tl'\c',t, intc:,,:\l' ,~uJy of ~r01'.,h r;..i: :.:rn~ (If ;J Cfllj)

is nl'l~I.\:,d to dC\L"LJq rc1i'lh!c n,'''']l- of 1"'1T"~d:"I;'I(T.: ~.~ ~l"~' J'\-.-'.:;:-

the alcr,lg(' size lor \I('iSh!) of fruit :ll ti:IK' of har-
v('st. F(lr"(J5til1~: :h,', ;n:mh.:r of fruit is Qer:.::raIJv
f(,:l\ihl.: somcwha: carlier in Ille season, 111-::'11[01';-

CJ"i!1~ J\Cr'l~e frdit .;iz('. '[iah. f", !he c:lriy p:ut'

of Ihl' late 5C::SQJl as cklln,·J hcrein. it nuy he (l.:tter
,to use an hi~roril'al a\'Cra~:l' fruit size (possibly 3d-
jU51cJ fN trenc) t!1.ln to :ltkl11I't J for,'cast frt!ill pL.il1t

ob'(,l'\alions. Thc metlwJ, used Iu for.:c~st fruit
size v;lry wit]i t11e crop but f:ll1 in (!fiC of two !!'::1cral
categorics: (I) r't)jcctiol1s ll1Zldc fr(',m ~rO'\'th-c!ir\'('s

or (2) re,gr.:~sjOl1 ];1l'dds ob'aijjed by ,:~rrcbting ob-
servJtions on a gil'cn d:;tc Wilh final size. One
cxample of cach \\ill be: cited.

Study of the g'OI\ th of citrus 10::, rt\'C:lkd 1hat
thc [e]ati\'c jncrca~<' in siz.: of fruit \''::\\'een 1 Scp-
lcmber and h}f\'c\t is ne::rl\ cc)n~t::I1: fmJl1 "'Jf to
year. The ~rol\ th p:1ltern f(\-1l~)\\-5a Jc,~':,1rjthmie curve
\\ hic]l pro':idcs a go()dh,l,jS for rr;",Lction rr~)\i(kd.
Si:3gC of 11l3.tur:ty is ti~~d 3:' a till1(' r.:'rcr~r~cC' r~j:hcr
thrtn cll.:nd:1r CLeI;:-. Proj'?clcd e"i!11::~cs ()f frllit s;ze
and nurl'.bcr ()f fruit .It time of h..if\C'st arc cOr1\Crtcd
to numb:r of b('\l'';, U~iIlg in:orm:nion ob::lincd
from p:lckil1g h,'uses to e,.t;tt>!ish th.? rel:ttj~1;1sl1ip
beil'.\'en fruit s:zc and l1L::~~b('rof fr~]jt l'c'[ box.
Thus the yield fo~cCJ.sts arc C\;,r.:sscd as' number
of bows.

\\';t11 f.:-gJrJ to m~lj:~c, 1\10 mUtLL art' used 10
{Nee:lst ;":crnel \\',·jglH per e::r at harles:. One
cnl~'liis t)r~JiCtjl)n~ by C:lf n1~i:url~Y c~ltc~;orjcs frl'lnl
r;l('aS~!r\.·nlL\nt.>\of •..·3f :-;izC'. 'Th:? ()thcr n~~t~lc'd irJ\o1\"Cs
forec:lsting the ha1'\.?sl \,c;:;ht f,C'll, current dry
.....,~:ight of k::-'r;i~]~ :lS fl1iLJ\\-s:
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In~ttiiJn~ ..\1"t.~, l~irrL';'",",,~H~.:!'''' \~r r.1~.IL:,..:~\.·:·~~I~:;
nC;.....lll'J 0)' ar;.:~1~ b:'-'~IU·'~(II" I~ll;t.:lpf ci'l)\\ ill~

Irn:~,l~i,)ll. \'dr~l,.~i~ddi;;";.:~·•...,,·~,.:~''-\,pf (ltih'j (ac~~·:"I,

III Fi;;urc I .. Ihe ;JI l'r.:1~,' ra1<' of ~,H\ilal ill r-:l:1liol1
10 Ih~ ~\;tge of dCI l'I"l1l11enl 01' thL' c:,'p i\ shown
for squ;'lr..:s (bl;JS). \Ihilj] i~'on(' (Il Ih,' fruit "'l::l:..:ri,\'
c:rtef'orics u~cJ in the fNCC;lSlill~ rnod-:l. 'j:c l'l,.r~

aJlanct:O <:I crop i~ ;..it Ih.: lime of ob~....I'\, ::['11 (!;('

lo\\'er the rrl)(1.1bi1ilY 11uI :1 SqU:Hl' •••:ill c,'I;l:,ibiJle
to the yidd. The s':1:;e of l'1'Op dl'IC!();1:i1Cnt is
me:lsurcJ by anindc\ II hich is Ihc' r.llio 0:1.'::,,": bc)]!:>
to all h)lls in the S.l!llpk plot.;, Fr(>1;l 5in<:'I1' rc:::-
tjonshir~ fc), o!.her m:l1 uri:y c.:lle',0\lri('.;, \ ;llll':" 1,)1
Pi in the f0rcc3stiJi; 1;lOde] .He ob:,1in,'J.

For som~ crops tll", £ounting of fruit by'm:Jturity
~ategories may not b: nscs'<t1'Y. The l)r:lllgc crop
IS a fooJ C.\:tn1i1!e. The f\Ji('ca~t of th,~ nunlb~'r
of fruit <:11 h3!'\'est i" simply tll ....P-0l1W:l of the pre~-
ent fruit count and the prob::.bllit) o( :;ur\il:.lL
which is :1 fl;n-:tio'll oC li'll~'. ·T::kinC! l11:.liz(' :.!~ an-
other ::.'.\:l111\)k. :1f~•..r maiz.:- 'cars h:1\':- ~ilked, there is
practiol!y no di~:!;lp'.:':1r::!1ce of ~'ars. Hell'':':: :'fler
silking i~ cO:~ltlkted -;iTC (c'r':-C::lstcd llU:;lD.'r l,r car;;
at han'cst is tllC s:,\J11e as the prl'.;cnt count. H,w:-
evc~. t~.c e:1r" m::y l~.:'_cbssi11,'cd into n1.Huri\y cate·
g(d~j~S JlH~ f'u(PU~i..·~ vi· h'I"CL':1'·..Lllll! l'~lr "'lze ~~[ hZ1r\-e~!.

lIlstc:ld llf l·L!"iryin~ inJi\idu.:1i fruiL an :J:t·.:rna-
tive is to cla..,~ify th~ 5a!11r"!t,.-' J'\~O!~ 0'" rna~~:rit,~< -rJ;~:~;.
'.\"jth rt;!"(-fcncc 10 th~ ror:nu 1~1. ;-'r'':~'::l:('j ~;b,)';\?.

Xi would represent t11;.' W:',1 nlll1lb.:~ of freit in plots
classed in lhe ith clteg,lry dili,k.J h\', th.: touJ l~um-
ber of ~lc):" in ti:,-'.s;!1l1P:"'. :lnd Pi '.I'~wldbe :hc cor-
r0SPQfn.!!:1~ r~~~;.l1o~ ~.l.::·\'~\;.d d~r~\2d f'r\..I;1"'i h;.,:(-,~j";\."~:'
d:lt:~. ~rhi" \'.\"'\tdd i.l\,:':~~ ~hl? nC'\.'..:~,~::\of :2;;....•~;n~
[rui:. which for ~O]~lC lTOp~ may n(,:' b.:- pr;lc'~i('aj,
as a nl'\lli~ of gelting inft)rrn:t1i(ljl on Ld,-" uf ~ur\i\'~L
Howclcr. it api',';lrs tilat jjwd.:!.; based on il1'l!\ IJU:r!
fruit ll1::lurity :lrc :;.:ncr:Jly b':;;c'r t;,~:n ;nod.:; b:1sc,L
on a\'drtf': m;'turi:~; of rdC'h, A ~c'c:ond :ll'.'rr1Jli\.:-'
is to u~e p!;'Ii1h a~ uni:s f,lr m;!!l:ril\ ('L1,s<,ic~nj(Jn
r~l1!'•.'l tL;I:1 indi'. i\!tl.'d /'1"::i:- (~r r~;\H",

j\1r~!rl..:tcrs in ",'~ll' '1"',·~1-.J.1,.'. '", I.',·I'.I'...~.. I_1.~ • 1•• _ ("I",! .•• ';1~:;11;~
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be t:l1:'~d so tl1:.t bolls at h~li\'est from [I'll:: not
s.:t on be cOunk(l. rn"ic(.'n·:~:II\-, anot!lcr tY;'l' 'of
mOL:," for c~lrly C',)t;()!1 r'(,rcc:~~t~. Cl]lcJ "the r:ltc
of fruitiag" Tl1o~k], h:E bccn d':\c!')Pl'd.~ This model
is mor(" Cl)mr]c:x. and \':il1 nC:l,t h" l~;';C!I"Scd ·hc're.

1:"'01\\~b;.:;,~t.th..: \Ll~~ rlll':C ..~~~td""ntii:lD'.:r of hC~1Js
i_~ prt:d~l'iCd froln st..llk count" ·j>.i~l; ..1 !\:-!~1~:0i:l,hir
l~~t(~blj:';lCd fronl J.:i"lI..Jr!l'Jl J;..H:.l. \',·ci:;ht cf grain

ft..:IJs. Th.:y r..:Ol:et only b,'llll'l''l lJdd., within years
\;1: i:dJility 01 tl" r,ll eel"! ,'I.'i11l1l'l1'::l: e,f c'rrN, D,,,;;
for :tddi:i\)I1.11 Yl no; ill:" :'l~c:dl'd hckrc: b,'l I"Cl';1 ~l'ar,'
l'ffor ()r fOfccJst (an bL' adl'quately 1111':I:-.url'd.

Early "('.I';on fO~l'ca"ts

Resl';:ll":h work Oil eJ.rl~· season forl'casting from
plant 1l1.:·.lsur..:mcnts h;:1s b':l'n k,-; e.\[l'n,jve than for
1:1te SC;!'011. I~l)r trce: cror.;, tbe durJtion or" "],(:e
season" is quite kll;!. and "c;lrly s(':lion" forl'l':bb
have not ken attempted, Cotton. wheat. ll1:1izc.
and soyb,'an.;, havc receiwd th',: mo:;t attcntion in
the dl'''c!l)prn,_'nt of ea:-ly s.:ason forccas't models,

Grt)\\"th r~~ttt:rns~!n10!1t: J!(r.:r'':l~! r'L~nt sp.:C!CS ~~r~
so varied th~ll not much can bl' ~.lid about J general
approach for flnCing 3. forecasting model. The nature
of the probkm olwiou.;ly chan:;.:s rapidly with thl'
Q2gc' of (k~\.:!opm;;nt. An impon::nt aill in dc'wlop-
!n.=-: gCc~;.5 bYrothc~:.:s n1:::-~h[ b~ cxisting It.,:tcjlcd data
on fruiting ::lld plant ch:tr:lc~crjsti,-'s st:!rting in ad-
vance of 111(' first foreca~t d:nc up ~o h~:r\·est. Such
d~!ta, ho'xe\er. tlsuaJ1y CC';11l' fil):11 isobtcd .;tudics
and thereforl' sl1C'!:kl bl' rl'f:ardcd as UIlrc1iabk for

. fjLl[j'l!~C:~ UJ l'~l~lbli~hing mou,'b, c.,peei:diy \::llues of
pal am;.~[,'rs.

Some C'l'0pS start fruit O\W 3. relatively long period
a'nd 111::;: 11a\(' many fruit Oil a ])1.1r,t "ith ~l "'il~C

, __J.ang_c_g.fJl~~ltLlrjt;.,:.__ C.OlLO.n is. a good t2:x.::mpk. for .
rt forecast of numOc;- of fruit. when :-'3rt (If tl:c fruit
has b~':n 3et. or,e approach is to add a t.:rm [-) thl'
rr0~a:':ili!y of s~:~·\·i\·J! ;:~:.."d:::l (~i:;.r'::1~,\~d e~r!;C'··-.
l1:J.nl.::iy .. J. tcrnl for ~~ddi:ion::'d fruit ~\r2 •.:t~d at h8.r\c~~
frO:ll frllit not set. For the 1 :\Ll~lI:;t t'l)r;;-C:lst ot'

.,..COftCiTi~_:'-"'l~l~ T~ofa1:u;.:ship b~~\\"".;o~11 ~-:"tb~ nUtnb~r :of
cotton bolls at h:li\'l'~t from f~ll~t not set'" and 3.

maturity indc:\ is kIng used. To e"t;1bl:s~ this
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error of forcc:lst.

Item

II '::"FE = ',"'(J' - l' r'n.... ~ i .. i '

II the number of sample ficlds. and

•.
r·. I

FE

thc actual yi:.::ld. or component of
yield. for the two p10ts in the ith
sampk f.cJd ~)t h:,n:·:sl,

Yi the ('orrc~llor,din:! fo;-ceasl of yicld
Of a cOn1por,~'nt;

where

I D.:lt.1 ll;C flor.~ ',.<,:";,1:1;11;." o( 1.~{1() fh:! ...ls r.:~rL·s~nting J. n.:g:on
comprist..'J of S ..•. : •......-.. - ~ ForL~I,.'d."t \.'rror. s\..·~Il'_\L - ; SJll1piing
standarJ afor 01 :Ii~ mC..lI1.

Item

The errors of forl'e3..,: do not i:h.'ludt samplil1f: error
associated with .•.('lc~·tiol1 0(' tiekk a;1({ or plots within

taken mny d: "c'r consid.:rably from one (bte to
anothcr- durin~' :ill' s('a~on, HO"'·l'ver. Tables ~ and .3
give a partial ,.;11111~,ry of t[l": J~~rc'e 01' for..:ca~tin;
success. Rcg~': .~i~~~th~; t(\:F~S oC !\~·r~:·C'n('c l:"·.."J ia'
this p3.P;?i, t]L' 5eptc'mb:r forc ....3st of Cl)t!on is 3.

btc season for : ..:a~t, whc'!'(:a~ th..: .'\1l~1l5tcollon for..:-
cast and the \by dlhi }tl:1C forecas!~ of whl'at ar..:
early s('a~on !.Jrecasts .

The erro.-s L)f forcost shown in t11('S": tabk~ arc
foot mean squ.!rc crro.-s computed as follow;:

_. t - +-'-_'!'~--
:1'1" rE·.\klf~iSL·:arr:-:o~,-'~~:,.'~':-~~r----__u •• --- --------:-.-----~------ ,

fllot> ...•.•........... I,I%.> :;./. 3.11 J!:; I).~
)%-1 ~.l 3.5 j -l~S f,.O

I

Boll weighl (rr~' '1_ re;'1
boll) H ••••••• H~)~

l~f,.\

Gross yield (rou"ds 01
lint fl'.=-r ::t~rc) : i if'I(·3I )'10-1

I

, FE l FE' ~k:!.n: SE'
-.-r----;-------.-:-.---

'··}:u~nlb~roChe·ad~ r·c{ r'lot lY~~2 ..L.\J ;, 314 ·L1)
lfj~3 {.f) J' ,)i.., 2.~

'.

Gro;, yielJ (bu,h'l, t'l'f
a.:rl\,,') •.. 4 •.•.•.•. 'll,l'L~. I :>,j

----- 1 __ . ----------

1 P,l~,1 ~':Of11 :l .... r,i•., t .•~·.~"l l_.

a F~)r\,.'~:"": t..:n'\) ••, .•. ~";'\~ _ S., ', .....
r; :1,.'.: r: .. - ~t .;'..~ \.Y \,.. :! ';'";'.\. ,,":.11 0\ "'. 1, .:, ' ' •••••• ', •• ~" t '.

~;~~:~~l~~1~;~!t~:L,d~••~1:\ ~'~~~;~':~'~:i,,~;~.~_,;~t"l~\~:';'/ :::.'.~.\'.~~~~': \.d·' ~.~,~ ~', ': \', ~:ljJ.
C'11"t\f ~ l:: ..~.• Il( \~:'''.::, ~~()\\'n ~hr.:"\ hl.:rt..· !:1 ~~l~ L'nltt:J ::)Llt~.,hJ.·.~
1:·.d'~:1:_~e::.r;r hr..:J.\J \\ t,,:'Lllht'i.

Weigh: per head I£,r;tm~)' l"i,~
1':"/,,:;

1),I)lI'; 1).IJ'\~ 0.'; " U, I~;',l,:

O,Ull .••• li.f)~r; (J.S:.! n.np..;.

j). fo,~.~ n. r~(,I ~';''l n.~.!
11.: ,- .1 ,..j.~~ >.....;. .1 .]11

It 41r;"~ars th~lt J.11 hl~torj("~d a\'('r~lgc \\'('jght per
fruit nlay b~ a ~~~r!;;factt.:'iY h~!~;.';f\.1r a for(:c~i~t \\·}lCn

tl... ~1'" '" ",,",t t.- 1 f'., I!" ,,-'1 •... · ·t= ,,- '1~)'~ '\. ;ro" .••• , :Jt~tl:. 1.') lL.1;\{.)1 \.1. l-..Lrddd, Pi~J.. ~...~ :--,....[1 .• ' •.•• !~~,1ili..ln

:11)(,.1 Pl~ t\i~':nin~:cf i::'.~,; C~'~;i~~...~) til,~ d::n"';l) \':lr:':,::'~

1i:~:i..~rr-i ' Y(';lf 1\1 ~'~',lL :\n hi':~\·<·;'~'..d ,J\(;' ~ ," \\ \..'~~i1~

J H~~J...r~<t..'''. f-J,F .. Jl:J -,::""1.::. \\' F .. l,·,'Jr.~,'td.,',1:J.'-: 4:.1,' ...•:'.' ..1:.
front '.>I,:t aNd l','fi'lf {i.'eJrll(lI'th,·/CS. Ln. ,..~r."\,l\.J .' ..,L'.
~(..n1l~,-'r J"~G3.
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al'ca, say ~,'\'(;r~l1Q:ltCS, so tl1:lt the :l\l'r;lg-' (:11\ iro:l-
mCl1t for I:e whok :11',';\ i...:Iboll! th,' ~~11l1\: fJ',lIil

ycar to ~.·,lr l'\l'1l th,\[I",h tl1, l'l1\ir\1111;:,'11l I'\)r ;!Il\'

givcn sm :! llK,;,d:ty 11I.1Y \~lry Cl1lhkkr:ibly fwm
year to ),';11'.

Summary

The pr !;(:tio;, o[ (1'0;) yi~'lds [rom r!:~:1t ClW:::,

and l11ea'·jrcll1l.'nh. in li-'ll l'[ L~rrn,'r~' [q'Nts ,)n

crop concli:ioll. h:t-; Jt k;ht tW0 r11:ljN :ld\;lnl:lt,.'s:
(1) by-pl'. duct int"ormall\)[1 t/l,lt i... aV:libbk. or
obtain3.b~~ ii'I/' '11:l~,n:: iiljill.Ar n10ditl,-"':~:1vns~ and
(2) greater c;t;j.:-ctivity. 'Pl),sibl.: us~'ftll'bS'-pTu~jlllt in-
formation in::;lLld~'...cha;,;!>?,; in COn1i)l)!)Ct1lS ()r attribu-
tes of yidc: o\'er tim,' :md C";11j);lfisOilS ,)fyil.'1d clur:IC-

teristic5 a"long \';1fi:ti,'s or c1l1~Liral practiel.'s, \y'ith

•...• ~',""

. \'

• c

J'L'",:lrd to ohj,:cti'.ity, [Of,'CIS\5 b:l.i~d 1.1:1 L:rril,r.,'
rl'i"'~,'lrt~ .1fl' IC' a ::I,·;tll....'f" Ji..·~,'!·~..L•. ".!:).i~I..'t L) \ il.'l-\',::!Jdl..'

in ltUlll~LI'i jUd:~:1h."Jlt. F,)r c.\~ln~l'L.."~L~rri';\..·l:'\· ~liii):'~I:""

~tb teilJ lu b:'l"')!ber''';lti\~ i;", ~(:.H rul1,)"',:l1o~;!
poor cro}'. ,\1~0 f:tfllic,':;' a;1J1r.:j,~tJ... I;1;IY Ill)t il1(!ude

an a(curille CI:rre;lt J',';::cti,1I1 ,)1' :11(' il1l!1.lL't l·f l"h:,n~:,',
in \';lrjetiL~;;;0: cul:ur.i! i'~,IL'li,'cs, ,\lthL)[:f(l ,'lUll",
ing farm }'ractiL'CS m~lY alter the p;,ral1h,'lef) in Ill..:
~lH.")',1,:1".. the jnlr~h:t <'f such Cl~~Hl-~:~ ('In t~rlli: ("~'-)~1n~~

<Inti size is Ir.,':,Sllre(' cllrrcnll~·. \\'c f;?d cDnfil:"::'
th::i a forcc;lsting: sy.;te:l1 based on pbn\ COUl1h ;"d'jd

mc.:.l, .•Jrcm:lllS is more rcspol1;,i\':: to ch:!nt~'s in 1':11'101
pr~;,-~~ic\.";;th:~n f~:;~~l.?r..;·3flr:-~ds~~1~~.

Thc prediction 111(\1.:.:1-; arc still in thc e::\fly St;l~CS

of developmcnt. Ho\\c\i?r. as r(',ulls h;I\C :).:'cn \cry
cl1c"ur.lgin~. conliiw:J npid development in the use
anJ rclincrncllt of modds is anticipatcd .
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